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First-Turn Losses in the LLWPF Proton Storage Ring (PSI?)

R. ~{UtSOllM’IdR. \lacek

Medlurn Energy Physics Division, Los Alarnos Natmnal Lhmamry, Los .Alwos, New Mexwo S7545 [; S,+

,A.b.srrncf

Beam-1oss measurements lndlca[e that 0.2- 0.3% of the

promrrs m]ecteci Into the PSR are lost during the first turn. We
describe a plauslhle mechanism, Irrvolvlng field stnpplng of
excited hydrogen atoms, for these losses, protons are injected
In[o the PSR by transporting a neuual hydrogen beam
[hrough a hole in the yoke of one ring bender and then through

a carbon foil on the nng asus. The foil strips roughly 93% of
the beam atoms to protons, Although t+e orrglnal PSR des:grl

assumed rhat all umtnpped atoms would pass through a hole
In the yoke of the next downstream bender and on to a beam
Stop, recent calculations [ 1] indicate that about 670 of these
unsmpped atoms will emerge from the foil In an excited state
with pnnclple quantum number n23. These calculations also

Indicate that atoms In excltrd st~tes w~t.h -3 will he strrpped
quickly to protons In the 1.2-Tesla field of the downstrems
bender. The trajectories of these protons WIII bc out.wde the

phase-space acceptance of the nng arid WI]] be quickly lost by
collislon with the beam pipe, thereby giving nsc to first. tum

losses The estimated numbers of protons hat would be lost

by tlws mechanism are consistent with the observed f“irst-[um
loss rates. This mecharusm htss Important consequences for the
(ieslgn of future storage rings that use neutrai atom or negative
Ion surpplng for injection.

1, INTRODUCTION

Minimizo!it~o )f beam losses is a major goai at the PSR.
At the present ii[llt the PSR operates with beam loss rates In
the range 0,354),45 wA, just below 0.50 PA, at which level

radloactlvation of ring components by the 800-MeV beam

begins to make hands-on maintenance urtre-asonably difficult.

Therefore, any reduction of loss rates is highly desirable for

mitigation of maintenance problems, and because it would

p?mm! rsusing !Im awrrge beam cment injectd into the ring.
Mmy of the development experiments done at the PSR

have been turned at furthering understanding of the
nwchamsms (hat cause beastsloss, Two major classes of I(NS
occur: $Iow Iosscs that would, if acting alone, result In n

( ircuiatmg beam Ii fetimr of thousmdsof turns; md first-turn

losses in which a significant fhtction of the injected benm 1$
lost before mak]ng one complete revoltttlon around the nng
SIuw losses have been understood for some time [21, ITey

represent the {OSSof a small fraction of the totai circulating
hcnm for each revolution uound the ring. only recently IIM

(hem emergeci a convincing hypothesis to explaln tlm cause (I(

first-turn lcsse~ This paper h,scuwes the nt!w hypothcws

11. MEAS[JREMENT OF BEAM LOSS

}Icnm losses in the PSR are measure(i with n systrm ,JI

tcn loss mon!tors l(~nted nround the o~ltcr pcrlphcry (If IIIC

PSR tunnel. “Ile loss monl[ors L-C Ilqu]d scin[]ll~t(lr tlllc,t

c~ns coupled [o photo multiplier [u bes. Figure i ~h[)u~ J
[}pical beam !oss ra[e pattern recc~rded durlrlg ~n ]n[cr~ JI
spanning approximately 600 us of beam ln]e~[]un t’ollowed”h)

a 1(10-US period during which the beam IS allowed [(~<~).i$t
w:thour ln}ectlon of additional he~m. There ~rr [w()

ci:mponents [O [his loss signal. One is a measure of the flow

10ss rate, [t IS proportsonat to the amount of beam Circulating
In the ring and Increases linearly with [;me “The t~[her
~’(;mponrmt IS a measure of the t:rst-turn loss rate, Jnd IS
c~~nstant durrng lnject,ion because protons are being In]ec[ed .i[

:1 constant rate. This component drops to zero at the end (JI

Inlectlon

Ile t al beam loss is proportsona.1 to the total area under
!he curve fh]le the first-tum loss is proprnmonal tt~ [hr .irca
undtr constant.width band at the top of the curve. There is J

~h(m spike In the loss rate asscraated with the extraction (jt the
ilrculatln~ beam horn the ring,

‘Ii)t:]l hcam Iosws are typically 0.6- 07% of the amt~unt
~)t t>etirn injected Into the PSR with first-turn loi)r~

conmt)uung ().2 - 0,3 ‘%0to ttus total.
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}:lgure 1, Beam Losses as a Function ~jfTime DurlnK tIn(l

Ior II)() LASAfter the End of lnjectson (S01 = start (it Inlectlon,

[;01 = cnd of ln~ectsrm)

111.H+ INJECTION INTO ‘rm RING

An umicrstanding i)f the new hypotlrcs!s ab{mt (Iw (IIIHIn
of (Irst. turn losse~ IS helped by a brief (icscnptli}n (II !Ilc

iv,wcsl i~y which protons arc Injecteti into the 1’$1/ \\

Illutwatcd In tigum 2, WO-MeV H– Ions ure stnppeti [() I I’)i
In a I 8. Icsla stripper magnet upstream of the rln K, Ilw 11’)~
ltun enter the ring through n hole In a ring dlpt~lc m;i~nc! [n

M ring, }4°s ~wcstrrpped to protons by a 20t)-~ig/(rl]: ~.IIIJI III

1111l~kami(m the ring axis, and Ii]c pr[)t(ms [hen LII lIlrlP III

(k rln~



For each PSR pulse. protons are In,]ectcd at a constant rate
for typlcal]y 1675 turns {Jr 6(MIps. At the end t~l Injcc’lt[)n [he

c]rculallng proton bunch is extracted and tmnspmte(i lo [he

spa!lat]on neutrc)n target at me Los Alamos Neutron Sc:merlng

Center fr.ANSCE)

/\ Cproxlrnatclv 7’T- of [he Inclden[ HOs [hat hit the 200-”

LIg/Cm- toll pass [hrx~ugh without being stripped [[~ H+s, Mos[

u(lntlnue uncietlec[ecl bv rnagnctlc fields, and pass UU( through

u hole In the yoke ~~t’the downstream dipole magnet i~nd on [(~

;l beam stop, However, w)rne exit [he foil In cxclted a[ornlc

stotes and are su-rppcd to H + In the downstream dipole.

Strippe\ Magnet Stripper Foil Ho Beam Stop
\

/’ H“ fling Bending Megnet
H. .,

Figure 2, Beam Injection into the PSR

IV. THE MECHANISM OF EXCITED Ho
FORMATION AND PSR FIRST-TURN LOSSES

,4. ln:roductiorr

Our conjecture is that [he presence of excited state H()$

crnerglng from the stripper fotl is the root cause of first-turn
I[)SWSIn the PSR. Other work [3 i has shown that when 800-

MeV H-s pass through thin carbon foils, there urc slgruficant

numbers of H“s thnt emerge from the foil in an exclteci atornl(

state. In these H()$ the electron IS relatively wcAkly hound, tind
some higher states will he susceptible to field stripping from

the atom in the 1.2-Tesla field of the ring dipole magnet

downstream of the stripper foil, Field stripping of fWO-McV
excited-state H“ ions In magnetic fields was demonstmtcd In

ei~lier experiments [4]. The same prwcesses will occur when

ground-state Hos pass thr(mgh foils.

1{ ,Sirnpl< Theory If E.witd-Sfalt if) Ff: rmation drrd Fif 1(I

.’;tnppinx

In a simple pwture of excited H() formatitm. when on K(H)-

McV gr~)umi-stntc H() or H- enters a foil, the cicctn)n ( ~,r

clc~’trons ) IS ~trlppcd from the proton, hut t’~)n[lrruc In nr-nr

pr~)~.inllty 10 nn{l at the approxlrnntely same sped ns Ihc

resulting proton “I%cre is n slgnificisnt probability thn( an

electron will Ilc rccnplurcd irrlo an cxclted ! 1° xtntc Iwcaufc
Illc clcctron(s) ilrld Ihc prt)ttm tcrnnin relatively ncllr Cnutl
(Jthcr in thcm pitsvr~c lhr~)ugh the rerrminlng thlcknrxs IIt f~)Il

Slncc, in the L“il!iC ()! }[() strlppln~, there Is only t)nc clcctr{’(l

t“~)li[}wIng Ihc pr~~lt)n, instead [}f two ns lrl the tIlsc of” II

strlppln , It IS plnuslhlc (I) nwiunm ttttrl IIIC number f~f cxcl!c(l
Cstale }{( * I[wnlcd fr~ml 14° bcnms Will Ilc ilt)i)llt h:ill !Ilr’
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Figure 4, Schematic Illustration of the Roeess by which

Excited I-I% Give RISC to First-turn Losses

Table 1. Angular displacement and loss locatiol~ in ring of

protons from stripping of various n states of Ho and estimated
. ield of the n sta~ek -
n ] Ae range ] Loss location in the ring I Estimated yield I

(mradiis) 1 from 200-Jlticrn2
I
3 22-50 in first dipole 0.30% “

4 6.1-12 after first dpole hut in 0.20%

!he next 3 ring sections

5 1.8- 4A small fraction lost on ().15%
ring Iimi[ing aperture

● 1/2 of measured yield from H- on 200-~g/cm2 carbon toil

Figure 5 shows the horizontal-plane ring phase-space

acceptance ellipse and the Ho beam ellipses at [he entrance trI
the dipole downstream of stripper foil. As an example, ~hc
range of angles, [aken from Table 1, over which protons from
stripped n=4 states are t.harihuled is indicated.
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l:i~urc 5, Il{mimnial.plane Ring Acceptance nrrd lnl’idcnt

11° llenm I’hnne-%psccI[llipsm nl lhr J{nlrnncc t{) [hc I )ip(llr
~a~ncl Ihlwnslrenm of lhc Stripper l:~~il

For high n slates, lifetimes me sh(m and \[rlpping {Jc~ur\
so early in fringe field ot’ [he magnet [hat [he rcsultln$ prll[t~ns
follow essen[la]ly [he same [raJec[C)rl~S [hat prtwns tormcd In

[he fo.1 do. For n= 1 and n=2, I-i” sm[es are m?! >Lrlppcd .Ind

crmunuc on m the Ho beam sKJp,

V, DISCUSSION OF RESULTS

~. (-’ompuri.wm of Measured und E.v[imu[ed First Turtt l.i).Y.Yt’v

Experiments [7] have shown that spproxirrm[cly ().5(W [)1
XOO-MeV H-s inciden[ on a 200-pg/cm2 PSR smpper foil arc

cmrvefied [o HOs in [he n=3 slate, Following the plausll’ull[y

argument of section IV. A,, we estimate [hat trpproxlmmelv

0.25% of the rrrund-s[ate H“s incident on the f(:ll ,]re
t?converted to H s in the n=3 slate. .4ssumlng that Iirs[-lurn

losses originate primarily from n=3 and n=4 s[a[es, m-d using

the yields presented in Table 1, we estimate [hat the fi[s[-turn

Irrsses should he approximately 0.4% of the [o[al Ho hcirm

incident on the foil. This is somewhat larger than [he O 1%
observed with the loss monitors. However, since a I:lrgc
fraction of [he first-turn losses occur inside [he firs[ dI}IIIlC

downstream of the foil, the loss monitors WIII he shlcldcd
from the hcam spill point by the s[eel of the magne[, ml WIII

provide an underestimate of the actual losses.

B. Conclusions and Discussion

We conclude that the estimated losses arc c{)nilslcn[ u Ilh

the measurcrJ values, and mtc ret this fact us support f(v [IW
Thypothesis that excited-state H s are the cause of’ tlw li)~w~

Since new high.inlensity protrrn s[(~r~gc rlnt~i lWIIIJ:

designed or contemplated involve H- ion inJcc[lon IIII(I:IUII

stripper foils, rccognitinn and careful conslderatlt)ll lJI Ilw

consequences of the frsrrrm[ion of excited HOs IS lmp(wt ilnl t1~r

the understanding and crmtrol of ham losses.
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